Abstract. The newly proposed combinational approach, called the grand combinational model (GCM), as would be described in detail in the text, is still under our careful scrutiny. By applying it, we have attempted to analyze here the characteristics of both the transverse momentum(pT)-, and centrality-dependence of production of the main varieties of the secondaries measured in AuAu collisions at BNL-RHIC at both √ sNN = 130 GeV and √ sNN = 200 GeV by PHENIX Collaboration. Besides, with the help of it, we have also investigated the nature of centrality-dependence of the average transverse momenta of the various major categories of particles in AuAu collisions at RHIC. The model seems to survive quite smoothly the acid tests of the latest PHENIX data, as it accommodates data modestly well on these twin aspects. The study reveals a kind of universality of nature of the hadronic secondaries and also of the basic particle and nuclear interactions at high energies. However, in the end, we precisely point out both the strengths and limitations of the specific model under consideration here.
Introduction
In the recent past the PHENIX Collaboration conducted exhaustive measurements of the particle-yields in AuAu collisions at RHIC-BNL at very high ranges of transverse momentum values and also at various centralities of the collisions. The data-sets on both identified centrality-dependent charged hadron spectra vs. transverse momenta and also on the average transverse momentum-values (< p T >) of the various secondaries vs. the centralities of the collisions [1, 2] were indicated by the graphical plots shown in various figures presented here. These measurements were mainly aimed at checking some predictions from the Standard Model(SM) on (i) the suppression of particle yields at large transverse momenta and (ii) the dependence of the degree of suppression on the centrality of the collision. In the framework of the standard model, all the secondary particles are produced by jets. These jets are likely to suffer significant energy loss via 'gluon' radiation, while passing through the hot dense medium arising out of the anticipated QGP formation. So, according to this view, the particle yield at large p T should be suppressed to a considerable degree. Secondly, since the amount of energy loss is a function of the density and the path length through such a projected QGP media, the suppression effect is predicted to be dependent also on a e-mail: bhaskar r@isical.ac.in b e-mail: bsubrata@isical.ac.in (Communicating Author).
the centrality of the collision [3] . All the theoretical postulates and predictions serve as the background for such intense attempts at measurements.
But in our approach we would maintain a degree of neutrality to such standard theoretical views and would concern ourselves mainly with the results of measurements with the ulterior motive of checking and testing an alternative approach, called here the Combinational Approach or the grand combination of models(GCM) which would be utilized here to explain the sets of data on: (i) identified charged hadron spectra vs. p T -values and (ii) the values of average transverse momentum, denoted by < p T >, vs. the different centrality-ranges of the AuAu reaction in particular.
The work is organized as follows: In Section 2 we offer an outline of the GCM to be made use of in the present study. The Section 3 contains and depicts the concrete results obtained on the basis of this model in the tabular forms and the graphical plots. The last section presents, as usual, the summary and final comments.
The Model: A Sketch
Following the suggestion of Faessler [4] and the work of Peitzmann [5] and also of Schmidt and Schukraft [6] , we propose here a generalized empirical relationship between the inclusive cross-sections for any variety of the secondaries (Q), such as hadrons, pions, kaons or proton/antiprotpons, produced in nucleon(N)-nucleon(N) collision and that for nucleus (A)-nucleus(B) collision as given below:
where φ(y, p T ) could be expressed in the factorization form, φ(y, p T ) = f (y) g(p T ); and the product, AB on the right hand side of the above equation is the product of mass numbers of the two nuclei participating in the collisions at high energies, of which one will be the projectile and the other one the target.
While investigating a specific nature of dependence of the two variables(y and p T ), either of them is assumed to remain averaged or with definite values. Speaking in clearer terms, if and when p T -dependence is studied by experimental group, the rapidity factor is integrated over certain limits and is absorbed in the normalization factor. So, the formula turns into
The main bulk of work, thus, converges to the making of an appropriate choice of form for g(p T ). And the necessary choices are to be made on the basis of certain premises and physical considerations which do not violate the canons of high energy particle interactions.
The expression for inclusive cross-section of Q in protonproton scattering at high energies occurring in Eqn. (2) could be chosen in the form suggested first by Hagedorn [7] :
where C 1 is the normalization constant, and p o , n are interaction-dependent chosen phenomenological parameters for which the values are to be obtained by the method of fitting the spectra in P P interaction.
The final working formula for the nucleus-nucleus collisions is now being proposed here in the form given below:
with g(p T ) = (ǫ + αp T − βp 2 T ), where this suggestion of quadratic parametrization for g(p T ) is exclusively made by us and is called hereafter De-Bhattacharyya parametrization(DBP). In the above expression ǫ, α and β are constants for a specific pair of projectile and target.
Earlier experimental works [8, 9, 10] showed that g(p T ) is less than unity in the p T -domain, p T < 1.5 GeV/c. Besides, it was also observed that the parameter ǫ, which gives the value of g(p T ) at p T = 0, is also less than one and this value differs from collision to collision. The other two parameters α and β essentially determine the nature of curvature of g(p T ). However, in the present context, precise determination of ǫ is not possible for the following understated reasons:
(i) To make our point let us recast the expression for (4) in the form given below:
where C 2 is the normalization term which has a dependence either on the rapidity or on the rapidity density of the Q and which also absorbs the previous constant term,C 1 as well.
Quite obviously, we have adopted here the method of fitting. Now, in Eqn.(5) one finds that there are two constant terms C 2 and ǫ which are neither the coefficients nor the exponent terms of any function of the variable, p T . And as ǫ is a constant for a specific collision at a specific energy, the product of the two terms C 2 and (AB) ǫ appears as just a new constant. And, it will just not be possible to obtain fit-values simultaneously for two constants of the above types by the method of fitting.
(ii) From Eqn.(2) the nature of g(p T ) can easily be determined by calculating the ratio of the logarithm of the ratios of nuclear-to-P P collision and the logarithm of the product AB. Thus, one can measure ǫ from the intercept of g(p T ) along y-axis as soon as one gets the values of E d 3 σ dp 3 for any specific secondary production in both AB collision and P P collision at the same c.m. energy. In the present study we have tried to consider the AuAu collision system in various centrality bins at two different c.m.energis. In order to do so, we have to consider the data on normalized versions of E d 3 σ dp 3 for any secondary particle produced in this collision system for which no clear E d 3 σ dp 3 -data is available to us. Furthermore, from these normalized versions we can/could not extract the appropriate values of E d 3 σ dp 3 as the normalization terms, total inclusive cross-sections(σ in ) etc., for this collision system at all centrality-bins cannot always be readily obtained. Besides, it will also not be possible to get readily the data on inclusive spectra for P P collisions at all c.m.energies.
In order to sidetrack these difficulties and also to build up an escape-route, we have concentrated here almost wholly to the values of α and β for various collision systems and the resultant effects of C 2 and ǫ have been absorbed into a single constant term C 3 . Hence, the final expression becomes
ǫ . The exponent factor term αp T − βp And the choice of this form of parametrization for the power of the exponent in eqn. (4) is not altogether a coincidence. In dealing with the EMC effect in the leptonnucleus collisions, one of the authors here(SB), [11] made use of a polynomial form of A-dependence with a variable x which is a variant of x F (the Feynman Scaling variable). This gives us a clue to make a similar choice for both g(p T ) and f (y) variable(s) in each case separately. In the recent times, De-Bhattacharyya parametrization is being extensively applied to interpret the measured data on the various aspects [12, 13, 14, 15] of the particle-nucleus and nucleus-nucleus interactions at high energies. In the recent past Hwa et. al. [16] also made use of this sort of relationship in a somewhat different context. The underlying physics implications of this parametrization stem mainly from the expression(4) which could be identified as a clear mechanism for switch-over of the results obtained for nucleon-nucleon(P P ) collision to those for nucleusnucleus interactions at high energies in a direct and straightforward manner. The polynomial exponent of the product term on AB takes care of the totality of the nuclear effects.
For the sake of clarity and confirmation, let us further emphasize a point here very categorically. It is to be noted that this model(GCM) containing all the Eqns.(4), (5) and (6) was described in some detail earlier and was made use of in analyzing extensive sets of data in the previous publications [12, 13, 15] by the same authors. And in verifying the validity of this model further, the purpose here is to apply the same model to some other problematical aspects of data which we would dwell upon in the subsequent sections. Before taking them up, let us state a point. In some previous works [13, 14, 15] we tried to provide some sort of physical interpretations for some of the parameters used in the present work. But, those explanations were only of suggestive nature. Besides, obviously, they are not complete and sufficient, for which we have chosen not to reiterate them here once more.
Presentation of Results
Obviously the GCM is the model of our choice here. The inclusive spectra for production of the main varieties of various secondaries produced in AuAu collisions at RHIC at both √ s NN = 130 GeV and √ s NN = 200 GeV and also at various centrality values have been worked out here phenomenologically and shown in the several diagrams. The values of p 0 and n, occurring in eqn. (3) , which are essentially the contribution of P P collisions to the nucleusnucleus collisions for the same secondaries produced at the same c.m.energies per nucleon, have been introduced by the following relationships:
These are products of just empirical analyzes made earlier and reported in some of our previous works [12, 13] . The actually used values of the arbitrary parameters, a, b,á andb for various secondary particles are given in Table- The values of α and β to be used in obtaining our model-based results are shown in the different tables( Table  2 -Table 11 ). The extreme left columns in all of them contain information about the centrality of the reaction and the extreme right ones offer the χ 2 /ndf values. Even for the cases of proton and antiproton production, wherein the data suffer a high degree of uncertainty, the χ 2 /ndf values are modestly satisfactory. The systematic trends of the used values of α and β depict a harmony of their nature which have been hinted by Table 12 and Table 13 and represented by the sets of diagrams in Fig.6 . The solid lines in Fig.6 provide the phenomenological fits which can be expressed by a common relationship of the form given below,
The different values of R and S for various secondaries are given in Table 12 and Table 13 .
A comment is in order here in a preemptive manner. The values of α and β shown in our previous work [12] even on AuAu collision could be and are little different from what are depicted here for the two reasons: (i) The p Trange of the detected secondaries in the previous work was limited mostly in the region from 0.8 GeV/c to 3 GeV/c, whereas in the present case both the full low p T and a larger domain of high p T range for the secondaries(mainly charged hadrons) has been covered. (ii) Secondly, in the former study [12] the minimum bias event was studied in the main. On the contrary, the present study has very much been centrality-specific and the data for the various centrality-values of the AuAu collision have been served within a phenomenological framework.
The average transverse momenta values for the different categories of particles have, however, been worked out on the basis of the following expression:
pT dpT dp 2 T ∞ 0 dN pT dpT dp 2 T (10)
The values of α and β to be introduced for < p T >-values are used in both energy-specific and particle-specific manner with the help of eqn. (9) . The GCM-based results on < p T > values are plotted in Fig.7 . The different centrality values, the particle-species and the interaction energy-values are separately mentioned in each of the diagrams.
Concluding Remarks
The chosen model appears to present essentially a universal approach in the sense that (i) it provides a unified description of data on particle production in nuclear collisions in terms of the basic P P interaction; (ii) the method could be applied in an integrated and uniform way without introduction of any artificial divide between the so-called 'soft'(low-p T ) and 'hard'(large-p T ) interactions; (iii) the general approach remains valid, irrespective of whether the collisions are central or peripheral; (iv) it has no model-or mechanism-specific physical picture as the input and as the constraint as well; (v) the values of α and β which are the only arbitrary parameters need to be assumed and they demand tuning and adjustment on a case-to-case basis in an interaction-specific, secondary-specific and centrality-specific manner. So, the model seems to provide a universal, useful and economical description of a large body of data on the high energy heavy ion collisions. The model is useful, as it is seen to give a fair account of the vast amount of data; and it is economical, because there are only two arbitrary parameters alongwith one normalization term for the general studies on heavy ion reactions at high energies.
The agreements between the measured and/or extracted data and the phenomenological outputs are quite satisfactory on an overall basis of the p T -spectra and the < p T > vs. centrality diagrams. The only exception is the case of the average transverse momenta values of kaons in AuAu reaction at √ s NN = 200 GeV. Though we cannot readily ascribe any reason for such departure, there is a general observation that the measurements related to any variety of the strange particles suffer, in general, a higher degree of uncertainty. Besides, we also fail to explain here how and why this phenomenological approach works functionally so well. No clue to any concrete physical reason arising out of some underlying dynamics of particle and nuclear interactions could be immediately ascertained. The harmony revealed in the natures of α and β versus various N part -values reflecting various centrality of the reactions is certainly an interesting observation from the present approach. The closeness of the values of S in the Table-12 and Table-13 at two different neighbourly energies appears to indicate the fact that, beyond a certain value of N part , the enhancement of the centrality of the collision with the increase in the number of wounded nucleons, i.e. N part does not necessarily and appreciably raise the values of < p T >s for any variety of the secondaries. This brings out strong hints to what is called parton saturation at and after a definite value of N part . In fine, in so far as actual performance is concerned, the model has a modest degree of success. However, one major drawback in applying this approach is it's over-reliance on the availability of the measured and dependable data-sets on the specific variety of the secondary in P P interaction at some definite energies and at certain reasonable intervals in the energyvalues in order to construct the energy-dependence profile for some parameters to be used in the model. Secondly, the final working formula for studying the properties of nuclear collisions in the present work does neither contain directly, nor exhibit any of the technicalities of the nuclear geometry, e.g., the impact parameter(denoted generally by b) or of the space-time evolution scenarios of the nuclear collisions. The entirety of the nuclear effects is taken care of by the simple product term (AB) f (y,pT) . This simplicity of form could very well be viewed in a positive way in favour of the model. Table 9 . Parameter values for production of secondary protons in AuAu collision at Table 10 . Parameter values for production of secondary antiprotons in AuAu collision at
13 ± 2 0.27 ± 0.02 0.050 ± 0.008 1.336 5 − 15% 8 ± 2 0.28 ± 0.03 0.052 ± 0.010 1.652 15 − 30% 7.3 ± 0.5 0.24 ± 0.01 0.049 ± 0.005 1.215 30 − 60% 3.7 ± 0.5 0.22 ± 0.01 0.046 ± 0.007 1.658 60 − 90% 0.5 ± 0.1 0.18 ± 0.02 0.028 ± 0.011 1.958 Table 11 . Parameter values for production of secondary protons in AuAu collision at 
